Telomerase is a ribonucleoprotein that synthesizes telomeric DNA onto chromosome termini and maintains the telomere length, and is expressed in immortal cells, stem cells, and germ cells. The objectives of the present investigation were to detect telomerase activity in the eyed embryos of rainbow trout Oncorhynchus mykiss using stretch polymerase chain reaction (PCR) assay and to estimate the relative telomerase activity and compare it with the value found in HeLa cells. High levels of telomerase activity could be detected quantitatively in the embryos using stretch PCR assay. Telomerase activity in embryos completely vanished using pretreatments with heating and RNase A. Relative telomerase activity per cell in embryos was 19.3-50.7-fold higher than that in HeLa cells. Conversely, relative activity on the basis of the protein amount showed no significant difference between the embryos and HeLa cells. This finding supports previous results in which high level expressions of telomerase are demonstrated in the normal cells and organs of fish species.
INTRODUCTION
Eukaryotic chromosome termini consist of a complex called the telomere. The telomere is composed of a tandem repeat sequence of telomeric DNA (TTAGGG or TTGGGG) and associated protein components. It protects the end of each chromosome and is essential for the maintenance of chromosomal stability. [1] [2] [3] During DNA replication, the DNA polymerase cannot completely synthesize the telomeric DNA at the ends of the linear chromosomes (end replication problem), resulting in telomere DNA shortening with each cell division. 4, 5 It has been suggested that this decrease in telomere length is linked to cellular aging and senescence by acting as a mitotic clock. 6 In mammalian normal somatic cells, the cells stop dividing when the telomere length reaches a certain size. 7 Telomerase is the reverse transcriptase first found in the protozoa Tetrahymena thermophila, which synthesizes telomeric DNA and adds it to the ends of the chromosome. 8 In mammals, telomerase activity has been generally detected in the cells of renewing tissues such as germ-line tissues and stem cells, and in cancer cells and immortalized cell lines, but not in normal somatic cells. [9] [10] [11] [12] During different germinal stages, telomerase activity has been detected in early rat and bovine embryos and in human blastocysts and fetal tissue. [12] [13] [14] However, no telomerase activity has been detected in the mature oocytes from human and bovine, but has been found in immature oocytes from rat and bovine. [12] [13] [14] These results suggest, therefore, that these cells with the capacity for high proliferation express high amounts of telomerase activity.
Conversely, in fish, high telomerase activity has been detected in several normal organs of the rainbow trout Oncorhynchus mykiss. 15 Telomerase activity of the normal organs has been detected in both fry and adult fish. The values are especially high in fry, being 10-100-fold higher than that in the human tumor cell line L-428. In contrast, no telomerase activity has been detected in the differentiated organs of mammals. Greider has described the correlation between telomerase activity and the proliferation potential of cells. 16 In general, rainbow trout grow continuously throughout their life and, therefore, the high telomerase In the present investigation, as a preliminary study in relation to telomerase in fish, we attempted to determine quantitatively the telomerase activity in the eyed embryos of rainbow trout using stretch polymerase chain reaction (PCR) assay. For quantitative analysis, the telomerase activity in eyed embryos is shown as a relative value and compared with the activity found in HeLa cells (a human cervical carcinoma cell line), which are well known to express a high level of telomerase activity.
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MATERIALS AND METHODS
In the present investigation, telomerase activity was determined using a TeloChaser telomerase assay kit (Toyobo Co., Osaka, Japan) using the stretch PCR method. This method is a PCR-based assay whereby the product, which is extended by telomeric repeats that are added by telomerase to a primer, is amplified by PCR. 17 Two major problems for any conventional PCR-based assay are improved using the stretch PCR method. First, the amplification of PCR products derived from the complex formed between the forward and reverse PCR primers is prevented by having one base pair (bp) mismatch at the 3¢ ends; and, second, the forming of short PCR products is prevented by the introduction of unrelated extra 'tag' sequences to the 5¢ ends of the forward and reverse PCR primers. Therefore, this method is more suitable for quantitative analysis of telomerase activity than conventionally used assays such as the TRAP (telomeric repeat amplification protocol) assay.
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Preparation of extracts from rainbow trout embryo and HeLa cells
Eyed embryos of rainbow trout were obtained from a local fish farm during April 2000 (Zao, Miyagi, Japan). Embryos were then reared in a hatching jar placed in a circulating aquarium at 11∞C before use. The egg membranes and yolk sacs were removed, and the embryos were collected in 1.5 mL microtubes. Each embryo was washed twice with Dulbecco's phosphate-buffered saline (PBS; Nissui Pharmaceutical Co., Tokyo, Japan), and then homogenized with 100 mL of lysis solution in the TeloChaser kit using micropestles. After the further addition of 100 mL of lysis solution, the embryo homogenate was incubated for 30 min at 4∞C, followed by centrifugation at 20 000 ¥g for 20 min at 4∞C. The supernatant was collected in a tube and stored at -80∞C until required for use.
HeLa cells (RCB0007 strain, obtained from the RIKEN GENE BANK, Tsukuba, Japan), were grown in Eagle's MEM containing 10% fetal bovine serum (FBS) in a humidified 37∞C incubator with 5% CO 2 in air for 3 days to collect sufficient cells for analysis. After cultivation, growing HeLa cells were collected and washed twice with PBS. The resulting cell pellet was resuspended in PBS and the cell number was counted with a Thoma hemacytometer adjusted to 2.5 ¥ 10 5 cells. To prepare a cell extract, the HeLa sample (2.5 ¥ 10 5 cells) was homogenized with 200 mL of lysis solution, followed by centrifugation at 20 000 ¥g for 20 min at 4∞C. The supernatant was collected and used as the positive control for the telomerase activity.
The protein concentrations of the embryo extract and the HeLa extract were determined with Lowry assay reagents (Bio-Rad Laboratories, Richmond, CA, USA) using bovine serum albumin (BSA) as the standard.
Stretch polymerase chain reaction assay
A total of 20 mL of each diluted embryo extract (10-and 100-fold dilutions with lysis solution) was added to 20 mL of TeloChaser Extension mix containing 8 mL of sterilized distilled water (SDW), 8 mL of 5 ¥ Extension buffer, and 4 mL of primer mix (1). The reaction mixtures were incubated for 40 min at 30∞C. For purification of the telomerase products, 20 mL of TeloChaser Clean up A was added to each telomerase reaction sample. The samples were then further purified by the addition of 130 mL of Clean up mix (3 : 10 ratio of TeloChaser Clean up B to 2-propanol) before being placed in a cooling bucket at 4∞C for 5 min, and then centrifuged at 13 000 ¥g for 10 min at 4∞C. After centrifugation, to avoid the resuspension of the precipitate, the supernatant was carefully removed and discarded. The precipitated telomerase products were then washed twice with 80% ethanol before the ethanol was completely removed. The precipitated products were incubated at 37∞C for 10 min and, during this incubation period, the tube-cap was left open to allow the precipitate to dry.
Telomerase is a ribonucleoprotein and a heatlabile enzyme. Therefore, to examine the inhibitory effects of RNase and heating on the telomerase activity, 60 mL of embryo extract was incubated with 3 mL of RNase A (10 mg/mL; Sigma Chemical Co., St Louis, MO, USA) at 37∞C for 20 min or incubated at 85∞C for 10 min. The positive control for telomerase activity was a HeLa cell extract (1) Therefore, the DIT of HeLa cells was calculated as 1.
The cRTA value was estimated using the following equation:
The number of HeLa cells used for this measurement was 2.5 ¥ 10 4 cells. In contrast, the number of embryo cells used could not be counted. Therefore, in order to determine the number of embryo cells, the DNA yield of each embryo was measured and compared with that of a cell line derived from a rainbow trout embryo (designated EmbRT-1, four population doublings). The mean number of examined EmbRT-1 cells was 2.5 ¥ 10 6 cells. The number of cells in the trout embryo was estimated using the following equation:
The DNA yield of HeLa cells was also measured as a reference.
DNA was isolated and purified from the extract of embryos (or culture cells) using a DNA extraction kit (DNeasy tissue kit; QIAGEN Inc., Valencia, CA, USA). The DNA yield was calculated based on the fact that the absorbance of 1.0 at 260 nm corresponds to 50 mg of DNA/mL.
To calibrate the pRTA, we produced a standard curve for DIT based on the amount of protein in the HeLa cells (Fig. 1) . DIT was measured in HeLa cell extracts for the protein contents ranging from 4.0 mg to 25.0 mg. Each embryo pRTA was estimated by applying the protein content in each embryo to the standard curve. The DIT of an extract equivalent to 9.2 mg (2.5 ¥ 10 4 cells) was defined as 1.
RESULTS
The stretch PCR method developed for the quantitative analysis of human telomerase was applied to fish embryo telomerase. Telomerase activity was detected in extracts from all the rainbow trout embryos examined. A representative electrophoretic pattern of the increments amplified by the trout telomerase is shown in Fig. 2 In the present study, PCR was performed according to the method that uses a mixture of the Taq DNA polymerase and anti-Taq DNA polymerase antibody. The mixture consisted of 0.4 mL of 2.5 units/mL rTaq DNA polymerase in the TeloChaser kit and 0.2 mL of 1 mg/mL anti-Taq high (Toyobo Co.). After 30 mL of the TeloChaser PCR mix [17.46 mL of SDW, 6 mL of 5¥ PCR buffer, 3 mL of Primer mix (2), 3 mL of Primer mix (3), and 0.54 mL of rTaq + anti-Taq high] was added to each purified sample pellet, the pellets were dissolved with careful pipetting. The samples were then overlaid with mineral oil and placed in a PCR Thermal Cycler (TP2000; Takara Shuzo Co., Kyoto, Japan) before incubation at 95∞C for 150 s. A three-step PCR was then immediately performed at 95∞C for 30 s, 68∞C for 30 s, and 72∞C for 45 s, for 26 cycles.
Next, 3 mL of 10¥ loading dye (TeloChaser; Toyobo Co.) was added to each reaction tube, and 20 mL of the PCR product was electrophoresed on a 10% non-denaturing polyacrylamide gel (native PAGE) in 1.0¥ Tris-Borate-EDTA (TBE) buffer (0.089 M Tris base, 0.089 M boric acid, 0.002 M EDTA, pH 8.3). The native PAGE was performed for 150 min at 100 V for a 90 mm (W) ¥ 80 mm (H) vertical gel. The gel was stained with 0.5 mg/mL of ethidium bromide for 10 min and then rinsed with distilled water for 15 min before being placed on a photo-imager FOTO/Convertible TM (Fotodyne, Hartland, WI, USA) to visualize the telomerase reaction products. In order to quantify the telomerase activity, the image scanned by the FOTO/ Analyst TM archiver (Fotodyne) was analyzed using the ARGUS-50 analyzing system (Hamamatsu Photonics K.K., Hamamatsu, Japan).
Quantification of the telomerase activity
For quantification, the following factors were determined using densitometric analysis: the signal of the PCR products in each sample(s) and in HeLa cells as the positive control (pc); the signal of the 65 bp internal standard as the PCR amplification control for each sample (iss), and for the positive control (ispc), and background (bg) signals. In the present study, two relative telomerase activities (cRTA and pRTA) in each embryo extract relative to the HeLa cells extract were estimated in which the values were based on two parameters; that is, per cell and per protein content. The densitometric intensity of the telomerase PCR products (DIT) in each sample was calculated using the following equation: intensity changed quantitatively (compare lanes 2 and 3, 4 and 5). The telomerase in the trout embryo extracts showed the characteristics of a heat-labile ribonucleoprotein. The DNA ladder produced by the telomerase activity was completely abolished in the embryo extract pretreated with heating (lane 4 in Fig. 3 ) or RNase A (lane 5 in Fig. 3 ). The relative telomerase activity in trout embryos was estimated by comparing with the telomerase activity value obtained in the extracts from HeLa cells on the basis of cell number and protein content. For the estimation based on cell number, the DNA yields of embryos and EmbRT-1 cells were measured. As a result, the mean value of the DNA yield in the EmbRT-1 cells was 7.95 mg/ 2.5 ¥ 10 6 cells, and the mean DNA content of the embryos resulted in the value of 16.28 mg. Therefore, the mean number of embryo cells was estimated at 5.1 ¥ 10 6 cells when these data were applied to equation 3. The number of cells used for the stretch PCR assay was 2.5 ¥ 10 4 cells for the HeLa cells and 5.1 ¥ 10 3 cells for the embryo cells. Accordingly, the cRTA values were calculated using equation 2 as follows:
As a result, the cRTA values ranged from 19.3 to 50.7 and were much higher than the value 1 of the HeLa cells (black columns in Fig. 4) . The DNA yield of HeLa cells was then 21.85 mg/2.5 ¥ 10 6 cells. In contrast, the pRTA values based on protein content were almost equal to the value of the HeLa cells (white columns in Fig. 4 ).
DISCUSSION
Telomerase is thought to consist of the telomerase RNA region, which acts as the template and the protein components actually involved with the enzymatic activity that synthesize the telomeric repeat sequences. [18] [19] [20] [21] In the present investigation, we have demonstrated that the embryos of rainbow trout express a high level of telomerase activity. Using a highly quantitative PCR-based assay, known as stretch PCR, for the detection of telomerase activity, we found that the cRTA of the embryo was 19.3-50.7-fold higher than that of the HeLa cells. Conversely, the pRTA on the basis of protein content showed no significant difference between the embryos and HeLa cells. These results indicate that the ratio of telomerase to the total protein amount in rainbow trout embryo is significantly less than that in the HeLa cells. One of the reasons for the low telomerase ratio is because of the fact that the embryos usually contain a large amount of constitutional proteins (e.g. proteins in the extracellular matrix and muscular fibril). Klapper et al. have reported that the telomerase activity of rainbow trout can be detected in fish aged 1 month, 30 months, and 42 months. 15 Therefore, the present study's finding was not particularly surprising in light of the fact that telomerase expression has generally been shown previously in normal individuals of rainbow trout. However, to our knowledge, the present study is the first demonstrating that high telomerase activity exists in fish embryo.
Telomerase expression has been generally considered to be a hallmark of immortality. 10 Therefore, in mammals, telomerase expression in normal somatic tissues is limited to the stem cells and those germ cells with proliferation capability. 16 In addition, this enzyme activity has been detected in tumor tissues and most immortal cancer cell lines. 10 These tissues and cell lines display shorter telomeres, and an increased number of chromosomal abnormalities. 22 Alternatively, rainbow trout possesses telomerase in normal organs; that is, the kidney, liver, skin, heart, muscle, and brain. 15 In addition, in channel catfish, diploid cell lines derived from normal peripheral blood leukocytes also express high levels of telomerase activity. 23 In contrast, no telomerase activity could be found in the liver, skin, lung, muscle, and adrenal tissue of 2-month-old neonates or in adult humans. 12 As described earlier, telomerase activity could be detected in all of the embryos tested using the stretch PCR method. However, using conventional TRAP assay, Klapper et al. have detected a much higher activity in the various organs of adult trout compared with the measurements obtained in the present study. 15 It is difficult to determine if the difference in telomerase activity resulted from a difference between the detection sensitivity of the two methods, or from real differences in the activity between embryos and adult tissues used as samples. To clarify this, we suggest that measurements of telomerase activity be performed on embryos and the organs of juvenile and adult trout using both the stretch PCR and TRAP methods. White columns show the pRTA based on calibration with the standard curve (see Fig. 1 ).
